ABSTRACT. The mean post-thaw sperm motilities of feline frozen semen prepared with 1% OEP or 3 g/ml SLS as a cryoprotective agent, in addition to 7% glycerin, were 35.0 2.4 and 37.0 2.5%, respectively, showing no significant difference. On unilateral intrauterine insemination (UIUI) using these semen samples at a sperm number of 40  10 6 , the conception rate was 70.0% (7/10) in the OEP group and 30% (3/10) in the SLS group, showing that the rate was higher in the OEP group, but the difference was not significant. It was suggested that sperm in frozen semen showing the above qualities were transferred to the contralateral uterine horn on UIUI.
Domestic cats have been used as models of rare wildcats in studies of various artificial breeding techniques, among which artificial insemination (AI) techniques, particularly using frozen semen, are the most important.
Reports on intravaginal insemination (IVI) [11] , intrauterine insemination (IUI) [15] , and IVI and IUI [5, 17] with frozen cat ejaculates have been published. In addition, one study addressing IUI with epididymal sperm has been published [16] . In these studies, glycerol alone or in combination with Orvus ES paste OEP, also known as Equex STM paste [Nova Chemical Sales, Inc., Situate MA, U.S.A.], a surfactant, was used as a cryoprotectant. OEP has become important to protect sperm acrosomes in the cryopreservation of pig [8] and dog [13] semen. Although the main ingredient of OEP is known to be sodium lauryl sulfate (SLS), data on its concentration and the remaining ingredients have not been published. It has been suggested that the effect of SLS involves the modification of the structure of egg yolk lipoproteins in the extracellular medium. We first used OEP as a cryoprotectant to more effectively freeze cat sperm [16] . Later, Axner et al. [4] , Chatdarong et al. [5] and Villaverde et al. [17] reported the use of Equex STM paste to cryopreserve cat semen. However, they did not determine the optimal concentration of OEP to be added as a cryoprotectant to freeze cat semen. In 2009, we investigated the effectiveness and optimal concentration of OEP and its main ingredient, SLS, to cryopreserve cat semen, and found that the addition of OEP or SLS for the cryopreservation of cat semen clearly improved the post-thaw semen quality, compared with no addition, and that the optimal concentrations of OEP and SLS were 1.0% and 3 mg/ml, respectively [9] . The effectiveness of OEP and its main ingredient of SLS as a semen cryoprotectant has also been shown in dogs and pigs [7, 8] .
In this study, we performed IUI with semen that had been cryoprotected by the addition of glycerol and 1% OEP or 3 mg/ml of SLS, and compared its fertilizing ability.
Animals: Mixed breed cats bred and maintained in our colony were used. Five male cats aged 2-11 years [mean: 5.6 ± 1.6 years (SE)] and weighing 4.3-5.0 kg (mean: 4.6 ± 0.1 kg) with a normal semen quality, copulation capability, and fertility were used. Thirteen female cats aged 1-11 years (mean: 5.8 ± 1.0 years) and weighing 3.0-4.0 kg (mean: 3.5 ± 0.1 kg) were repeatedly used more than once, and, thus, the number of experimental cases was 20. Animals were maintained in animal rooms in which the temperature was adjusted to 22 ± 2C. Male cats were individually kept in cages measuring 60  90  120 (height) cm, and females were kept in groups in a 4  7 m room. These cats were maintained under natural lighting. Experiments were performed during the breeding season between January and August [14] . Animals were supplied with dry food (Hill's Feline Maintenance, Hill's-Colgate Ltd., Topeka, KS, U.S.A.) and drinking water ad libitum. Females were placed with male cats in the morning and evening to observe estrus.
The study was conducted in conformity with the animal study guidelines of Nippon Veterinary and Life Science University.
Semen collection and examination of semen quality: Semen was collected using an artificial vagina (AV) for cats previously reported [12] .
While a male cat was mounting an estrous female cat and thrusting, the penis was advanced into an AV held between the forefinger and middle finger, and ejaculation was induced. Using the same AV, a second semen collection was performed. To avoid drying, 100 µl of 20% egg yolk in Tris-fructose citric acid solution (EYT-FC) was added to the semen, and a redetermined general test for semen quality was performed, as we previously reported [15] .
Frozen semen: Frozen semen was prepared using a conventional freezer (Simple-type quick LNG freezer, Fujihira Industry, Co., Ltd., Tokyo, Japan) according to our previously reported method [13] . The diluent used to prepare frozen semen was EYT-FC. A primary dilution was made at room temperature. Subsequently, semen was primarily cooled in a bath at 4C for 1 hr, after which a secondary diluent containing 14% glycerol and 2% OEP or 6 mg/ml of SLS was added dropwisely over 10 min to give a final sperm count of 1  10 8 /ml and final glycerol, OEP, and SLS concentrations of 7%, 1%, and 3 mg/ml, respectively. After second dilution, semen was dispensed into 0.25-ml straws, followed by equilibration with glycerol for 1 hr before freezing. Each 0.25-ml straw was loaded with 0.2 ml of semen containing 2  10 7 spermatozoa. Artificial insemination: Ovulation was induced by the subcutaneous injection of 100 IU hCG on the third or fourth day of estrus. At 20 hr after hCG administration, semen was inseminated into one side of the uterine horn in which ovary presenting the most number of mature follicles. AI was performed under general anesthesia. After pretreatment with medetomidine (Domitol: 0.05 mg/kg im), ketamine hydrochloride (5 mg/kg iv) was administered for the induction of anesthesia, and then anesthesia was maintained by isoflurane. Immediately after surgery, the cats were awakened by an intramuscular administration of atipamezole hydrochloride (0.125 mg/kg).
The semen of two straws (40  10 6 sperms) was used for insemination. The semen was thawed in warm water at 37C for 30 sec, and, after the semen quality test, it was centrifuged at 1,500  g for 5 min, and approximately 40 µl after removing the supernatant was used. The animals were laparotomized along the median line, and semen was injected into the uterine horn with the most number of mature ovarian follicles. If the number of kittens born after unilateral intrauterine horn insemination (UIUI) was larger than that of mature follicles on the inseminated side, we judged that sperm had migrated through the uterine cavity to the contralateral uterine horn and oviduct.
A 21G needle was inserted into the luminal region of the uterine horn, and semen was injected into the tip of the uterine horn using an injector consisting of a 22G indwelling needle connected to a 1-ml syringe. After insemination, the injury made by inserting the needle was stitched once with a soluble suture. Immediately after insemination, 100 IU hCG was additionally injected intravenously to ensure ovulation.
Determination of pregnancy: Female cats were examined employing an ultrasound 15 days after AI. In animals determined being absent of pregnancy, the plasma progesterone (P 4 ) level was measured 20 days after AI to determine the success or failure of induced ovulation. The plasma P 4 level of 5 ng/ml or higher was indicated as having ovulation. The plasma P 4 level was measured by EIA [10] .
Statistical analysis: Data obtained in this study were analyzed by Student's t-test and the Fisher's exact probability test. A significance level lower than 5% was regarded as significant.
Results of conception by UIUI with frozen cat semen prepared in a diluent containing 1% OEP: Table 1 shows the results of conception by UIUI with cat semen prepared in a diluent containing 1% OEP and frozen for 0.5-8.0 months (mean, 3.2 ± 0.9 months). The post-thaw sperm motility and viability were 30-50% (mean, 35.0 ± 2.4%) and 38.1-74.9% (mean, 52.5 ± 3.8%), respectively. No significant difference was noted in the semen quality after thawing in 5 male cats. UIUI resulted in a conception rate of 70% (7/10). The rate of conception by male cats used for AI was 50% for Tom Nos. 1 (2/4) and 3 (1/2) and 100% for Tom Nos. 4 (2/ 2) and 5 (2/2). The 7 impregnated cats gave birth to 1-5 kittens (mean, 2.1 ± 0.5 kittens) during a period of 65-70 days (mean, 67.7 ± 0.8 days) after AI. The number of kittens born was larger than that of mature follicles on the inseminated side in one (14.3%, Queen No.10) out of the seven cats. From plasma P 4 levels, we concluded that ovulation had been induced in the 3 non-impregnated cats. Table 1 shows the results of conception by UIUI with cat semen prepared in a diluent containing 3 mg/ml of SLS and frozen for 1.0-10.5 months (mean, 5.5 ± 1.1 months). The post-thaw sperm motility and viability were 25-50% (mean, 37.0 ± 2.5%) and 39.3-82.0% (mean, 59.9 ± 5.2%), respectively. UIUI resulted in a conception rate of 30% (3/10). The 3 impregnated cats gave birth to 2-5 kittens (mean, 4.0 ± 1.2 kittens) during a period of 66-71 days (mean, 68.3 ± 1.8 days) after AI. The number of kittens born was larger than that of mature follicles on the inseminated side in 2 (66.7%, Queen Nos.11, 4-2) of the 3 cats. Semen from Tom No. 3 was used in the 3 cats which achieved conception. Based on plasma P 4 levels, we concluded that ovulation had been induced in the 7 non-impregnated cats.
Results of conception by UIUI with frozen cat semen prepared in a diluent containing 3 mg/ml of SLS:
No significant difference was noted in the semen quality after thawing between the OEP and SLS groups, as shown below, and the conception rates were 70 and 30%, respectively, showing no significant difference (P=0.1789).
It has been shown in many animal species [1-3, 6, 8, 13, 16] that the addition of the surfactant OEP along with glycerol is effective for the preparation of frozen semen, and that the addition of SLS, the main ingredient of OEP, is similarly effective in pigs [8] and dogs [13] at concentrations of 1.2-1.6 and 2 mg/ml, respectively. Author [9] showed that the optimal concentrations of OEP and SLS to be added to cat semen before freezing were 1% and 3 mg/ml, respectively, and that the addition of OEP to cat semen for freezing showed effects slightly stronger than but similar to those of SLS with respect to the post-thaw semen quality and timedependent changes in semen motility.
OEP, whose composition has not been disclosed, is very difficult to handle. In contrast, SLS is an easy-to-handle powder and inexpensive; therefore, it was used in the experiment because of its promise as a semen cryoprotectant.
Similar to the results obtained by Author [9] , no difference was noted in the post-thaw semen quality between the OEP and SLS groups in this study as well. The conception rate was higher in the OEP group (70%) than in the SLS group (30%), but the difference was not significant. The 3 cats which achieved conception in the SLS group were inseminated with semen from Tom No. 3, and sperm moved to the contralateral uterine horn from the injected side and fertilized ova ovulated by the contralateral ovary in 2 (Queen Nos. 11 and 4-2) of these 3 cats, suggesting that SLS-supplemented frozen semen from Tom No. 3 was superior in terms of fertility, but the motility and survival rate of Tom No. 3 sperm after thawing were not significantly different from those in other male cats. Both semen from Tom Nos. 4 and 5 led to conception by UIUI in all animals in the OEP group. In contrast, in the SLS group, UIUI with semen from Tom Nos. 4 and 5 was performed in 3 and 1 cat, respectively, but all were infertile, suggesting that differences between the groups may have occurred due to male cats, but this was unclear because of the small number of cases. Additional experiments may be necessary to clarify this. In one cat (Queen No. 10) inseminated with semen from Tom No. 4 in the OEP group, infused sperm were transferred to the contralateral uterine horn, as observed in Queen Nos. 11 and 4-2 in the SLS group, suggesting that sperm with the above qualities were transferred to the contralateral uterine horn on UIUI.
There have been 3 reports on IUI using feline frozen semen: only glycerin was used as a cryoprotective agent in one [15] , and glycerin and 1% OEP were added in two [5, 17] . The conception rate was 57.1% (8/14) in the study using glycerin alone [15] and 45.5% (5/11) [5] and 75.0% (6/8) [17] ). In addition to glycerol, 1% OEP or 3 mg/ml SLS was added to cat semen as a cryoprotectant, and the conception rate after thawing was compared employing UIUI. The conception rate was higher in the OEP group, but the difference was not significant. 
